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Permanent magnets (NdFeB and SmCo) present in motors and generators of hybrid 
and electric vehicles are valuable secondary sources of rare-earth elements and 
cobalt.1 The temperature stability of SmCo magnets ranges from -300 °C to +550 °C, 
what makes this type of magnet ideal for the high temperature applications.2-4 In the 
presented work, solvent extraction of individual metals from SmCo permanent 
magnets by using ionic liquids was investigated. Ionic liquids are organic salts, which 
consist entirely of ions. In solvent extraction, ionic liquids are greener and safer 
alternative to molecular solvents, such as kerosene, toluene, dichloromethane or 
diethyl ether.5 The positive aspect to the use of ionic liquids is that no harmful, 
volatile and flammable diluents or molecular solvents have to be used. 
 
Presented experiments aim to compare different solvent extraction systems in order 
to upscale the most convenient one to a continuous solvent extraction process, 
which will be performed later in mixer-settlers. The ionic liquids investigated in this 
study were commercially available Aliquat® 336, also known as 
tricaprylmethylammonium chloride, and the corresponding ionic liquids with nitrate 
and thiocyanate ions, which were prepared from Aliquat® 336 by a metathesis 
reaction. Three solvent extraction systems have been studied. The first system 
contained the commercial Aliquat® 336 with chloride counter ions as the organic 
phase, combined with a chloride aqueous phase. As a novel approach, two split-
anion extraction systems were investigated, which means that there is a different 
anion in the aqueous than in the organic phase.6 The two split-anion extraction 
systems were Aliquat® 336 with a thiocyanate anion or a nitrate anion, in 
combination with a chloride-containing aqueous phase. The distribution ratios, 
extraction efficiencies, metal loadings, volume changes after loading, scrubbing, 
stripping and reusability of the ionic liquid were carefully investigated and compared. 
Conditions for loading, scrubbing and stripping were in all cases the same, the 
samples were horizontally shaken at 40 °C, 2000 rpm for 2 h in a Turbo Thermo 
Shakers TMS-200. The addition of extra chloride salts prevented losses of ionic liquid 
to the aqueous phase and improved the separation factor between Sm and transition 
metals, but on the other hand, an excess of calcium chloride caused unwanted co-
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extraction of rare-earth elements. The optimal calcium chloride concentration for 
extractions and scrubbing was determined. The metal concentrations in both phases 
were analysed by Total Reflection X-Ray Fluorescence (TXRF) spectrometry on S2 
PicofoxTM (Bruker) spectrometer. The structure of the complexes in the ionic liquid 
phase was determined by Extended X-ray Absorption Fine Structure (EXAFS) 
spectrometry. Experiments were performed at The Dutch-Belgian Beamline (DUBBLE, 
BM26A) at the European Synchrotron Radiation Facility in Grenoble (France). Data 
modelling was done in the program Viper. The phase disengagement time was 
studied as a function of different parameters (temperature, stirring power, addition 
of salt and kind of stirrer). This information is relevant for the design of the mixing 
and the settling chamber of mixer-settlers, when ionic liquids are used in a 
continuous mode.  
 
The summary of the results is shown in the Table 1. A higher viscosity of ionic liquids 
can be easily overcome by using slightly elevated temperatures (40-60 °C). The 
system with [A336][SCN], despite the high selectivity, cannot be used in a continuous 
process, because the thiocyanate anion is not stable and the ionic liquid slowly 
decomposes at elevated temperatures. Stripping can be done with ammonium 
hydroxide, but this leads to formation of precipitates. [A336][Cl] and [A336][NO3] are 
stable, so have a potential to be applied in a mixer-settler. Moreover, as 
environmental advantage, stripping is done with water.  
Table 1: Comparison of the studied solvent extraction systems 
 
Extraction 
system 
Extraction results  Complexes formed  Associated 
problem Not 
extracted 
Extracted Sm Co, Cu 
[A336][SCN] 
from chloride 
media  
at 1.2 M CaCl2 
100% Sm  Co, Cu * [Sm(SCN)8]5- 
 
[Co(SCN)4]2- 
 
[Cu(SCN)4]2- 
 
poor stability 
of ionic liquid 
[A336][Cl] 
from chloride 
media  
at 3.6 M CaCl2 
~75% Sm Co, Cu and 
~25% Sm  
co-extracted  
[Sm(H2O)9]3+ 
 
[CoCl4]2- 
 
[CuCl4]2- 
 
poor 
selectivity, 
necessity of 
scrubbing 
[A336][NO3] 
from chloride 
media  
at 3.6 M CaCl2 
~40% Sm Co, Cu and 
~60% Sm    
co-extracted  
[Sm(NO3)5]2- 
 
[CoCl4]2- 
 
[CuCl4]2- 
 
poor 
selectivity, 
necessity of 
scrubbing 
* Co and Cu are preferentially extracted before Sm. 
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